In this work, the multi-step homotopy analysis method (MHAM) is applied to obtain the explicit analytical solutions for system of the Jaulent Miodek equations. The proposed scheme is only a simple modification of the homotopy analysis method (HAM), in which it is treated as an algorithm in a sequence of small intervals (i.e. time step) for finding accurate approximate solutions to the corresponding problems. Thus, it is valid for both weakly and strongly nonlinear problems. this work verifies the validity and the potential of the MHAM for the study of nonlinear systems. A comparative study between the new algorithm and the exact solution is presented graphically. convenient.
Introduction
Recently, a lot of attention has been focused on the studies of linear and nonlinear systems of partial differential equations (PDEs). Systems of nonlinear partial differential equations arise in many scientific models such as the propagation of shallow water waves and the Brusselator model of the chemical reaction-diffusion model. In this work we study the JaulentMiodek equations [1, 12, 16] which associate with energy-dependent Schrödinger potential [2, 13, 15] . There are many methods to solve this system, such as F-function method [3] , Adomian method [4] , homotopy analysis [12, 16] , tanh method [5] , and the variational iteration method [6] . In this paper, we propose the multi-step homotopy analysis method to solve the JaulentMiodek equations. We investigate the applicability and effectiveness of the homotopy analysis method when treated as an algorithm in a sequence of intervals (i.e. time step) for finding accurate approximate solutions to the Jaulent-Miodek equations. It can be found that the corresponding numerical solutions obtained by using HAM are valid only for a short time, while the ones obtained by using MHAM are more valid and accurate during a long time [10] . The structure of this paper is as follows. In section 2, we describe the MHAM of the system of nonlinear Jaulent-Miodek equations. Numerical simulations are presented graphically in Section 3. Finally, the conclusions are given in Section 4.
Multi-step homotopy analysis method
The principles of the homotopy analysis method are given in [7, 8, 9, 10, 11] . The nonlinear Jaulent-Miodek equations which will be considered in this paper has the following form:
which associate with energy-dependent Schrödinger potential [13, 14, 15] . The HAM is used to provide approximate solutions for a wide class of nonlinear problems in terms of convergent series with easily computable components, but the motivation of this article is to extend the HAM to solve system of the Jaulent-Miodek (JM) equations. this modification is called the multi-step homotopy analysis method (MHAM). It is only a simple modification of the standard HAM and can ensure the validity of the approximate solutions for large time. Although the MHAM is used to provide approximate solutions for nonlinear problem in terms of convergent series with easily computable components. To extend this solution over the interval [0, t], we divide the interval [0, t] into n-subintervals of equal length ∆t, [t 0 , t 1 ), [t 1 , t 2 ), [t 2 , t 3 ), ..., [t n−1 , t n ] with t 0 = 0, t n = t. Let t * be the initial value for each subintervals and let u j and v j be approximate solutions in each subinterval [t j−1 , t j ], j = 1, 2, ..., n, with initial guesses
Now, we can construct the so-called zeroth-order deformation equations of the system (2.1)
where q ∈ [0, 1] is an embedding parameter, L is an auxiliary linear operator, h 6 = 0 is an auxiliary parameter and φ 1,j (x, t, q) and φ 2,j (x, t, q) are unknown functions. Obviously, when q = 0 5) and when q = 1, we have
Expanding φ 1,j (x, t, q) and φ 2,j (x, t, q), j = 1, 2, ..., n, in Taylor series with respect to q, we get
where
If the initial guesses u j (x, t * ), v j (x, t * ), the auxiliary linear operator L and the nonzero auxiliary parameter h are properly chosen so that the power series (2.7) converges at q = 1, one has
Define the vectors − → u j,m (x, t) = {u j,0 (x, t), u j,1 (x, t), . . . , u j,m (x, t)},
Differentiating the zero-order deformation equation (2.4) m times with respective to q, then setting q = 0 and dividing them by m!, finally using (2.8), we have the so-called high-order deformation equations (2.9) subject to the initial conditions u j,m (x, 0) = 0, v j,m (x, 0) = 0, j = 1, 2, ..., n, where
and
Select the auxiliary linear operator L = ∂ ∂t , then the mth-order deformation equations (2.9) can be written in the form
The solutions of system (2.1) in each subinterval [t j−1 , t j ], j = 1, 2, ..., n, has the form
and the solution of system (2.1) for [0, T ] is given by
Numerical results
The series solutions of the functions u(x, t) and v(x, t) are given in ( 2.12).
In this work, we carefully propose the MHAM, a reliable modification of the HAM, that improves the convergence of the series solution. Furthermore, we should note that if one chooses a good enough initial guess, one can get accurate approximations using MHAM by only a few terms with h = −1.To demonstrate the efficiency of the MHAM for Jaulent-Miodek equations, we compare approximate solutions of u(x, t) and v(x, t), with exact solutions
where λ is arbitrary constant. To demonstrate the effectiveness of the proposed algorithm as an approximate tool for solving the Jaulent-Miodek equations (2.1), (2.2) for larger t, we apply the proposed algorithm on the interval [0, 30]. We choose to divide the interval [0, 30] to subintervals. Figure 1 shows the series solution of the MHAM of the Jaulent-Miodek equations (2.1), (2.2) and the displacement of the exact solution (3.1) when (λ = 0.1). From the graphical results it can be seen that the results obtained using the MHAM match the results of the exact solution very well. Therefore, the proposed method is very effcient and accurate method that can be used to provide analytical solutions for linear and nonlinear partial differential equations..
Conclusions
The analytical approximations to the solutions of Jaulent-Miodek equations (2.1), (2.2) are reliable and confirm the power and ability of the MHAM as an easy device for computing the solution of nonlinear problems. In this paper, a system of partial differential equations is studied and its approximate solution is presented using a MHAM. The approximate solutions obtained by MHAM are highly accurate and valid for a long time. The reliability of the method and the reduction in the size of computational domain give this method a wider applicability. Finally, the recent appearance of nonlinear partial differential equations as models in some fields such as models in science and engineering makes it is necessary to investigate the method of solutions for such equations, and we hope that this work is a step in this direction.
